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1 INTRODUCTION 
Navigation locks serve the shipping to overcome height differences like they exist on dams. The naviga-
tion lock “Iffezheim” located close to the German city Baden-Baden at the river Rhine is one of Europe’s 
largest and most powerful inland navigation locks. It consists of two lock chambers with a length of 
270 m and a width of 24 m. The maximum lift height is 12.50 m. For each filling, an amount of 
77.000 m³ water is needed. Every year about 30 million tons of cargo are transported through the lock. 
 
 
Figure 1. Footprint of the filling and emptying system of the lock Iffezheim 
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ABSTRACT: When an emergency stop at the inland navigation lock “Iffezheim” occurs, the closing of 
the roller wagon valves without any external force cannot always be guaranteed. The Federal Waterways 
Engineering and Research Institute (BAW) was commissioned to investigate this problem. With a 1D/3D 
hybrid model of the filling and emptying system of one lock chamber, the discharges in the culverts for 
different valve opening positions were determined. The CFD toolbox OpenFOAM was used to calculate 
the vertical forces acting on the roller wagon valves. Conducting a sensitivity analysis, it could be shown 
that small geometrical variations have a great influence on the forces. Furthermore, the investigation 
showed that the forces are very dependent on the width of the two gaps up- and downstream of the valves 
between valve and shaft. In this paper the engineering problems and the investigation strategy for the nav-
igation lock “Iffezheim” will be presented. This includes the procedure for the 1D/3D hybrid modelling 
of the filling and emptying system with OpenFOAM and Flowmaster®. It will give an overview over a 
chosen practically orientated approach for solving these problems and the results will be discussed. 
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Figure 7. Pressure deviation for a valve opening width of 25 % 
As boundary conditions for the inflow and the outflow boundary of the 3D model a stationary pressure 
was specified. For the velocity field, Neumann boundary conditions were applied. The forces on the valve 
were computed directly within OpenFOAM from the pressure and the shear stresses. Corresponding to 
the flow rates, which were determined with the 1D model, the forces acting on the roller wagon were 
scaled afterwards with the square of the flow rate ratio: 𝐹𝑣 = 𝐹𝑂𝐹 ∙ �𝑄1D𝑄3D�2 (2) 
where Fv = vertical force acting on the valve, Fv, OF = vertical force acting on the wagon (result of 3D 
model), Q1D = flow rate in 1D model, Q3D = flow rate in 3D model. 
One exemplary pressure distribution for a valve opening width of 25 % is shown in figure 7. 
4 RESULTS 
4.1 General results 
Performing twenty 3D calculations for valve opening positions between 2 % and 100 %, the vertical forc-
es acting on the roller wagon during the whole opening process could be determined. The results of the 
investigation are shown in figure 8. Lifting forces are positive, forces acting downwards on the wagon are 
negative. The shown forces are an average over about 100 time steps after a quasi-stationary solution was 
reached.  
Considering the results of the CFD calculations, the vertical forces acting on the roller wagon depend 
on the valve opening and in particular on the width of the two gaps e1 and e2. With increasing valve open-
ing the gap e2 increases and the flow above the wagon intensifies, which leads to decreasing pressure 
above the wagon and smaller downward forces. The investigation showed, that the forces are strongly de-
pendent on the actual sizes of the gaps. 
 
In principle the shape of the curve (figure 8) can be divided into three states: 
- State I: Small opening width. Due to the discharge under the wagon, the pressure under the 
wagon decreases. The downstream gap e2 (figure 2) is still closed and the pressure in the shaft 
equals upstream pressure. 
- State II: Further valve opening releases a gap at the downstream sealing line. Flow above the 
wagon occurs and the pressure above the wagon decreases. As a consequence, the forces acting 
downwards decrease. 
- State III: At valve opening widths of about 30 % and 60 % the downstream gap e2 is reduced 
by the horizontal cross studs. Subsequently, the flow above the wagon decreases and the pres-
sure increases. As a consequence, the forces acting downwards increase. 
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